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INTRODUCTORY REMARKS.
Although the title of this work
,
is the Small Gas
Producer, I take the responsibility to deviate slightly from
the subject "by giving a "brief history of the development,
progress, and application of coal-^as from the time of its
discovery by 7/illiam Murdock in 1792, to the present day.
The object as originally intended v/as the design of a
small gas producer, for a gas engine of from five to t?/enty
five horse -power
,
using Illinois coal, and the results of ex
periments, methods, etc., given in the following pages v/ere t
be applied with this end in view.

CONTENTS
.
Page
HISTORICAL - 1
COALS USED FOR GAS MAKING.
(a )Characters of Different Coals Used Eor Gas Making - 5
(b ) Commercial Values of Gas Coals 8
COAL GAS MANUFACTURE - H
PRODUCER GAS - 18
(b) Purification of Producer Gas 28
SUCTION GAS 31
THE BILDT PEED DEVICE 42
DESCRIPTION OE DIFFERENT TYPES OF PRODUCERS.
(a) The Mond Gas Producer 45
(b) The Wood Producer 54
EXPERIMENTS ON DIFFERENT TYPES OF PRODUCERS.
(a) Trial of Wood Producers at the Erie R.R. Plant
at Jersey City 60
(b) Experiments on Mond Gas Producer 62
CONCLUSION 64

LIST OP ABREVIATIOBS
.
Pro. Age — Progressive Age.
Col. Guard. The Colliery Guardian.
Mech. Eng. — The Mechanical Engineer.
The Gas Wld. The Gas World.
J. A. E. S. — Journal American Engineering Society.
J. G. L. - - - . Journal of Gas Lighting.
Am. Mfg. • --' American Manufacturer.
I. A. — Iron Age.
R. R. Gaz. — Railroad Gazette.

HISTORICAL.
EARLY HISTORY :
-
The art of manfacturing coal gas was discovered
"by William Murdock the son of a millwright, who himself is
entitled to remembrance as the designer of the first iron
toothed gearing in England. The gas industry-i . e
. ,
lighting
is now about 102 years old.
Murdock first experimented with illuminating gas from
coal in 1792, while erecting engines at Redruth, England, for
Messrs. Boulton and Watt of Birmingham, but it was not till
ten years later before any considerable application of gas
lighting was carried out. The first installation was at the
Soho Foundry, Birmingham, which today is still linked with
the gas industry. During the next fey/ years other factories
in Lancashire, Yorkshire and elsewhere adopted the new system
of lighting, in spite of great prejudice, not only on the
part of the general public, but of eminent men of science
also. Sir Humphrey Davy, forinstance ridiculed the idea of
lighting a whole city by gas, and asked if it were intended
to take the dome of St. Paul's Cathedral for a gasometer, as
gasholders were then called.
Architects insisted on gas pipes being put at a consid-
erable distance from the walls to prevent fire, as it was
firmly beleived the pipes must be hot. A deputation from the
Royal Society strongly recommended to limit the size of gas
holders to 6000 cu. ft., and that they should be enclosed
within buildings. Its members made a visit to the Peter
Street Gasworks, Westminster, but remained unconvinced for the

safety of gasholders
,
even after a workman had. been ordered
by the Engineer to make a lole in one with a pick axe and
light the issuing gas , with the natural result that it merely
burnt away with-out any explosion occuring, as had been an-
ticipated by the learned gentlemen. Thus there was a con-
siderable opposition to be overcome, as there is even to-day
with any general inovation. The industry ho?/ever grew fos-
tered by the care and ability of Samuel Cleggs
,
Winsor, Dr.
Henry and many others.
In 1305 Mr. Murdock lighted the extensive cotton mills
of Messrs. Phillips and Lee of Salford; but still in so de-
fective a manner, that syphons were placed along the pipes
conveying the gas, to collect the tar that condensed in them,
nor was the gas at all purified by lime. The gas burned in
all these early establishments retained all its impurities,
and it became evident that, unless some plan were adopted to
purify it, it could not be burnt in close rooms, the offen-
sive effluvia causing headache, and even in some cases effect-
ing the lungs. To remedy the above effect lime was next in-
troduced into the tank of the gasholder by Mr. Clegg, pre-
venting it from settling on thebottom by an agigtator. Syph -
ons had to be placed at intervals along the service to draw
off the condensed oil and tar.
To do away with this evil a condenser was also added to
the apparatus. This condenser was a prolongation ( in series
of vertical bends ) of the pipe between the retorts and the
gasholder, which, terminating an inch or two beneath the lime

water in the gasholder, "bubbled up through it and "became
partially clearly purified. This plan was found to answer
tolerably well for a short time, but the difficulty of re-
moving the spent lime from the tank formed a practical ob-
stacle to its futher adoption.
Among the various places lighted about this time (1307-
1803) the Catholic College of Stonyhurst, deserves particu-
lar mention. This establishment was the first of the kind
that adopted gas lights. Mr. Clegg was well aware that gas
could not with safety be applied to lighting rooms unless
it were perfectly freed from sulphuretted hydrogen, and that
the method given before (adopted at Coventry) would not an-
swer the purpose, on account of the difficulty attending the
removal of the lime.
Lime water was therefore introduced into a separate ves-
sel previous to its entering the gas-holder, and was by this
means rendered perfectly pure. Mr. Clegg invited Dr. Henry
to visit and inspect his apparatus. Dr. Henry after testing
the gas was finally convinced of the merits of the apparatus
,
and admitted it to be perfectly satisfactory and capable
of being adopted in large manufacturing establishments. Afte
this Messrs. Boulton and Watt erected a lime machine at the
Soho foundry. The first bill for the incorporation of the
chartered gas light and coke company, the forerunner of the
present great London Company, was passed in 1310 after en-
countering various Parlimentary vicissitudes.

The formation of the first gas light company in England
was due to the efforts of Mr. Wins or.
Mr. Clegg invented and also put in operation the hydrau
lie main, which will "be described later on. The gas meter,
t
gether with its govenor was also invented "by Mr. Clegg in
1815. Prom this it can "be seen that the development of the
gas industry owes much to Mr. Clegg.

COALS USED FOR GAS MAKING.
Characters of Different Coals for Gas taking.
A thorough knowledge of the kind and character of
the coal to be used in gas making is a primary necessity.
It is not necessary to know what the coal could do under var-
ying conditions, determined by extensive and exhaustive lab-
oratory experiments, but it is of practical value to know
what might be expected from day to day under ordinary condi-
tions of coal handling by cheap and ignorant men, unaccos-
tomed to working -with gas producers.
Briefly stated the coal used in any system of gas man-
ufacture should be a coking bituminous coal of good quality
rich in hydrogen, i.e. in volatile hydro carbons, and should
leave a low percentage of ash, which should not clinker nor
run together under the influence of the heat.
The coal should be used fresh or carefully stored away
unaer cover to prevent atmospheric distillation of the vola-
tile matter. It should be as dry as possible at the time of
its manufacture into gas, for two reasons. First to prevent
the loss of the heat, which otherwise would be required to
evaporate the moisture and second to prevent the condensa-
tionor chemical combimation of this moisturein the flues,
which would precipitate heavy hydrocarbons (tarry matter) .
These hydrocarbons contain great heating pov/er, and they
would thus be lost at the point of combustion.
The coal should be as nearly as possible uniform in
size, as this will make level fires which burn evenly. Dust

should not be used as it would adhere to the sides of the
bells and hoppers and form tar, and would interfere with
there operation, or it would be carried by the drafts into
the flues and deposited there before complete distillation of
the gas within the particle had taken place, necessitating
besides the loss frequent burning or cleaning of flues. Nei-
ther should large lumps be used as they would require longer
burning than surrounding material and would make irregular
fires, some parts of 7/hich would be at a white heat, while
large masses of coal would be hardly heated through. Air
and steam soon force their way through these 7/eak spots and
escape into the gas space above, burning both coal and gas.
SThen large coal is used the man tending the fire need poke
the coal but little to liberate the gas. On the contrary if
fine coal is used, a greater amount of care and attendence
will be required to keep the coal Prom coking together and
arching over. To liberate the gas the bed of coals must be
constantly poked, and the ashes removed uniformly, to allow
the even descent of the bed of fuel.#
The character of the hydrocarbons depends principally
upon the temperature at which they are produced. Operating
at low temperature gives easily condenc d tarry matter ( li-
quid and solid hydrocarbons) of considerable heating pov/er;
while with producers operated at a high temperature having
the body of the fuel" maintained at a bright red heat, the
yeild of permanent gases and hydrogen is very large, and that
C. S. Saunders. J.A.E.S.

of tarry matter correspondingly small. By the use of a
fine clean coal a large volume of gas will "be suddenly gener-
ated, giving at the same time a larger quantity of finer and
more even ash, which can be handled easily and cheaply. For
the production of a given heat units, a larger quantity of
coal will be required, because a fine coal is slaked more
rapidly by the air, and always contains a greater quantity of
ash than lump of the same quality.
With the use of coal having no extremely large lumps,
the repairs and delays incidental to break dov/ns , as 7;ell as
operating expenses of the coal handling machinery, are great-
ly lessened, while the reliability and capacity of the furnace
is greatly increased.

8Commercial Values of Gas Coals.
The commercial values or price of gas coals or can-
nels delivered at any particular gas works, will depend upon
and vary with their adai. t bility to the purposes of gas man-
ufacture, upon their cost to mine and deliver, upon the a-
mount of competition there exists to obtain them, upon their
freedom from impurities, upon the quantities, qualities , ana
strengths of certain secondary products -minus the cost in-
volved in removing impurities. These and other items col-
lectively go to make up the relative commercial value of any
particular gas coal; and the coal whose qualities will test
satisfy all the conditions most conducive to economic working
together v/ith proportionate lowness of price, will necessari-
ly be that which will enable gas of standard quality to he
manufactured at the minimum of costs to consumer and maximum
of profit to the manufacturer.
The following items andproducts are those whose values
affect and determine the relative values of different quali-
ties of gas coals.
(A) The quantity of gas in cubic feet per ton this kind of
coal will produce.
(B) The illuminatig power of gas produced.
(C) The weight in pounas of red hot unslaked coke a ton of
coal will produce, the percentage of ash this coke contains,
together -with its evaporative powers, ascertained in furnaces
heating boilers open to the atmosphere. #
D. A. Graham.

9(D ) The weight in pounds and strenght of ammoniac al liquor
produced from the material stated in terms of Twaddels hy-
drometer, or in ounces of sulphuric acid, together with the
cost or rather v/eight of carbonic acid and sulphretted hydro-
gen present in the production of liquor from a ton of coal.
(E ) The weight of tar in pounds a ton of coal produces, to-
gether with its fractional analysis obtained by distillation;
giving the weight of pitch; naptha or other valuable constit-
uents present.
(3? ) The volume or weight of carbonic acid present in the gas,
and its causes, leaky retorts etc.
(Gr) The carbonic acid present in the 7/hole of the crude gas
produced from a ton of coal.
(H) The sulphur compounds, sulphuretted hydrogen or bi- or
disulphide of carbon present in the gas a ton of fuel produces.
In estimating for allowance of difference of cost, the number
of pounds, and the fraction thereof of anhydrous or unslaked
lime, requiste to purify 1000 cubic feet of gaspassed through
them per 24 hours. The volume or quantity of gas a ton of
coal will produce, is doubtless considerably in excess of the
quantity obtained from actual working, and generallymay be
defined as that quantity or volume which would be generated
by such destructive distillation of the coal at high heats
would render the whole of the hydrocarbon compounds capable
of being rendered gaseous, into permanent gases, less the car-
bon oxide, a product of heatea coke and laminations of vega-
table charcoal contained in some coals.
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Removal of carbonic oxide, percentage of hydrogen, marsh
gas
,
heavy hydrocarbons and defiant gas generated is left
to the chemist. But the report of a test of coals should
contain or present a fair statment as between colliery pro-
prietor and gas comittees, of the several products of material
submitted for purchase of producer. Dr. Siemens says; The
point of decomposition of different compounds depends upon
the temperature, on the one hand, and the pressure on the
other.
For purposes of commercial valuation, the volume of gas
produced from a ton of coal will be that quantity which will
be obtained from carbonizing a resonably large quantity of the
material to be tested, in a good sound retort, raised to a
fair heat, the coke being withdrav/n as socn as it becomes
heated to redness, and ceases to give off other than carbonic
acid, or carbonic oxide gas, or hydrocarbons of very low il-
luminating power, a condition usually obtained by retaining
a charge in a retort from 3 to C hours, the best results be-
ing those which are obtained from multiplying cubic feet by
candle power.

COAL OxAS MANUFACTURE.
The manufacture of coal gas, entailing the consump-
tion of upwards of 18 lbs. of coke per 100 Ids . of coal gas-
ified, suffers from two principal errers viz., (l) That the
working is periodic; and ( " ) that the coke is drawn out in
an incandescent state from the retorts. These will "be con-
sidered in erder: Periodic working entails the sudden intro-
duction of the cold material into a clay vessel heated to
full white heat - a faulty proceedure , which is opposed to
all physical and chemical laws.
The natural consequence is that the vessels or retorts
are continually cracked. Thus air gains acess to them or gas
escapes, according to the fluctuations of pressure. The oxy-
gen of the air naturaly "burns a portion of the coal to car-
bonic acid; and this is of course best as far as gas produc-
tion is concerned. The cracks must be stopped when the charge
is withdrawn at an expenditure of time, wages, and material
while the hot retort remains open.
The discharge of the coke from the retorts in an incan-
descent state, entails not only the loss of all sensible heat
but also a not inconsiderable loss of carbon through combus-
tion of the coke owing to acess of air before it is quenched.
#
But reckoning only the quantities of heat which are lost
through the discharge of the coke while incandescent , it is ev-
ident that with a process which avoids the two principle -er-
rors and combines carbonization with generation, in all cases,
# Dr. Besemfelder . J.G.L.
,
Jan., 1901.

amply suffice to effect the carbonization of coal without
further expenditure of fuel. A ton of coal yields 10,765 cu.
ft. of gas on the average. It is evident therefore that a
direct connection of carbonization and water gas generation
must result in a far higher utilization of the heating val-
ue of the coal; and this naturally can be directed to the en-
largement of the make of mixed gas.
Among European gas-7/orks there appears to be a fair de-
gree of uniformity in the methods of treating crude coal gas
,
but in this country methods vary widely, and particularly in
some of the older small works do we often find that the gas
on reaching the consumer delivers to him a fair amount of
light and heat per cubic foot, but at an excessive cost to
the producer because of incomplete or faulty treatment of
the crude gas.
It is generally admitted that the gas must be condensed,
but while the term should be understood as meaning the lique-
faction and removal of undesireable vapors, it is often taken
simply as meaning the removal of heat from, or, in other words
cooling the gas. The removal of the heat from the gas is not
in itself a principal point, but it is incidental, as pro-
ducing conditions favoring the removal of undes ireable com-
ponents of the crude gas. Besides the desired components,
there may also appear in the commercial gas, some nitrogen,
carbonic acid, aqueous vapors, and even traces of sulphur,
because the advantage gained to either consumer or producer
-would be entirely uncommensurate with the cost of thier en-
tire removal.
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The entire removal of the above constituents is not ad-
visable if the illuminating and heating value of the gas is
to be maintained. The last hydrogen sulphide and carbonic
acid are taken care of by the purifiers, and the free ammon-
ia and remaining ammonium salts are taken care of by the am-
monia washer scubber, so that in the apparatus ahead of that-
it is the hydrocarbons that are to be particularly looked
after. Of those in the crude gas of sufficient quantity to
notice, only those of the more complex molecules are solids
at normal temperature and pressure. These naturally will
therefore be the first to condense, and on cooling the gas,
and on cooling the gas, and following these are those that are
liquids under ordinary conditions. The principal ones being
benzol, amylene
,
pentane and hexane. Of the normally gase-
ous illuminating agents the defines are the most valuable,
but nevertheless, the vapors of liquid hydrocarbons, especi-
ally the benzol, are largely releid upon for the real light-
ing power of the gas.
The next important step is the removal of the tar, which
it is desireable to do to retain in full tension the desired
vapors. It is desireable to remove the tar at as high a tem-
perature as possible after leaving the hydraulic main, because
the power of the tar and heavy vapors to absorb other hydro-
carbons increases with the decrease in temperature.^
To remove the tar without materially reducing the temper-
ature requires some apparatus which will handle the gas at a
high velocity as for example, the Pelouze and Audoin Conden-
# - A. B. Slater Jr.
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ser, which removes the tar "by friction and also "by taking ad-
vantage of its inertia during sudden changes of direction of
gas flow. The same thing is also accomplished by using a
fan exhauster as a centrifugal tar exhauster. If however this
apparatus is allowed to receive the gas too cool, trouble
will "be apt to follow from the naphthaline, as has been the
case in many instances.
If much naphthaline is formed by distillation at high
heats, or by allowing the gas too much or too long contact
with the hot coke and retort, it will be carried as a vapor,
mostly by the hot tar, the benzols and the aqueous vapor.
As the temperature of the tar reduces it will absorb much
naphthaline on liquifing, but also much of the benzols and
as the vapor of the benzol is excessively reduced by scrub-
bing through the tar films or by too much contact with tarry
surfaces, if the tar is not hot, the remaining naphthaline
vapor passes on at the point of saturstion for that temper-
ature
,
especially as the drop of temperature decreases more
rapidly than its vapor tension. We therefore find that under
circumstances like these the naphthaline ?;ill crystallize as
a fine mist, and be often carried long distances, being rap-
idly collected by any obstacle as sudden change of direction
or even rough spots on the interior of the pipe.
It is neccessary therefore that the tar be removed at as
^aghcantampsrmfc-KeeoRs lessssbiht
,
aMtfcttereraptfrHgofhke&ary tMs,
high a temperature as possible.

After removing the tar, the gas contains more or less soot
and the vapors of heavy oils , which may be allowed to agglom-
erate during slow reduction og temperature, as the resulting
liquids will take in solution much of the naphthaline with-
out undue absorbtion of resireable vapors.
In cooling the gas Mr. Slater finds that the best results
are obtained when the heat removed per minute from the same
quantity of gas was uniform, or graphically, with ordinates
of temperature and abscissae of time the loci of gas temper-
atures formed a line nearly straight. In practice it is found
that the best results are obtained by slow cooling. Connec-
tions from hydraulic main should be as straight as possible
and of liberal size. On a following page is given a table
of the constituents of crude coal gas.
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PRODUCER GAS
.
There are still many engineers who do not yet
appreciate and acknowledge the vast economy that is effected
"by the adoption of gasified coal. Whether this form of fuel
be adopted for firing "boilers or for direct combustion in the
cylinders of engines, the resulting economy is most marked.
Producer gas is also rapidly gaining recognition as one
of the foremost means of effecting a saving in the cost and
quality of manufactured articles, and is "being introduced
into many of our industrial establishments.
Modern improvements claimed for gas producers, such as
increased yield of a new and more permanent gas, containing
a greater number of heat units per pound of coal, and capable
of being brought to a point of combustion with small loss, as
also freedom from the products of combustion, and from quali-
ties deleterious to the material to be heated in furnaces , etc
.
Producer gas is unquestionably the cheapest artificial
gas per unit of heat. The following processes have recently
come into use. #
(1) Gas processes, which are essentially water-gas processes.
In these the air and steam are admitted at the top and drawn
down through an incandescent bed of fuel by an exhauster.
(2) Puel processes, which are combined water and oil -gas me-
thods, effecting the decomposition of hydrocarbons injected
in small quantities at a number of points.
(3) Gas producers with water troughs for bottoms to permit
of the continuous removal of the ashes, either by manual la-
# J. A. E. S. , Hov. »96.
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bor or a screw conveyor.
(4) Gas producers having revolving bottoms to facilitate the
removal of the ash and clinkers, which are discharged contin-
ually over the edge of the revolving "bottom into a sealed pit
beneath, without interfering with the making of gas.(i)
The producers at present are all worked with a forced
blast and for producing this the steam jet is almost univer-
sal. Open producers depending for thier air supply on chim-
ney draught are now obs olete .Among the older forms of produ-
cers are,(l) solid bottom producers in v/hich the fuel rests
on fire bars, and which therefore resembles an ordinary fire
burned with a thick layer of fuel, and (2) solid bottom pro-
ducers, in which the fuel rests on the bottom of the producer.
Bar bottom producers are now but little used; the low
rate of gasification, the low grate efficiency, due to the
fall of unconsumed carbon through the grate bars, and the
difficulty of removing the ashes, have led to thier being
abandoned. ( 2
)
The use of wood for gas making is also of great interest.
It shows how fuels of very low heating power can be made to
yield good gas , and many of the disadvantages under which
wood labors as a fuel would disappear if it were first gasi-
fied. In the few regions where wood is abundant and coal is
scarce, wood gas might probably be of considerable utility.
Most of the producers in the United States are very sim-
ple producers of the solid bottom type, with central air and
steam supply. Almost all of these producers are intermittent
(1) C. L. Saunuers , J. A. E .S.
^ Uov. '9G.
(2) Prof. A. H. Sexton.
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in their action, and must be stopped periodically for the re-
moval of the ashes, and this is one of the cheif objections to
their use. Many at temps have been made to provide automatic
cleaning and so allow of continuous working. The best form
of this type is that of Mr. Wilson and though it seems to be
efficient it has never come into use. The Taylor revolving
bottom producer has been introduced with success in this coun-
try and -will be described later.
In England water bottom producers have recently come very
much into fame, and they certainly have many advantages. The
first of these was that of Mr. I°w.5on, v,rhich will also be d -
scribedin another chapter. One of the difficulties in the
early type of water bottom producers was the removal of the
ashes, the -/rater trough was rectangular, and excess being on-
ly possible at the two ends, it was not easy to draw the ashes
from theentire width of the producer. Another difficulty
was that of securing the necess ary uniform acess of air and
steam, especially if the ashes were at all inclined to clink-
er. The cleaning difficulty was not felt in small producers,
but soon became evident as large ones were made. To overcome
these difficulties the producers of Mr. Dawson ond Mr. E. J.
Duff were introduced.
These t?/o producers are improvements on those which have
gone before in certain directions, and have made the water bot-
tom producer the most satisfactory of any type in use. It
can be asserted that both of them are cheap to erect, and easy
to 7/0 rk, and have no parts that can easily get out of order. #
# Prof. A. H. Sexton.

aThey work continuously , and the ashes are easily removed. In
other directions however they are not by any means perfect.
An analysis of gas from one of them contained 6% of CO ^. The
loss of heat from the production of 20 much carbonic oxide,
or rather carbon di -oxide is larger than the probable loss
any other way, and it is in the direction of preventing the
formation of carbon dioxide that designers of gas producers
should go if they wish to make gas producers more economical.
It must be admitted in this respect these producers are not an
advance on others.
All makers of producers build them so low and use so
much steam, that complete decomposition of the carbon dioxide
is impossible.
For can it be said that these producers make more gas per
producer than others, the gasification seems to be about 20
to 30 pounds per square foot of producer bottom per hour, and
this has been largely exceeded in other forcns , however it is
much better than can be obtained with the bar bottom type.
The really important factor is the gasification per square
foot of j>roducer bottom per hour is rarely given by inventors.
Less labor is requiered on above producers although these are
not as good fuel sa vers as some others. The gases should be
better washed and tar and ammonia recovered. The above forms
were considered the best up to 1897 byMr. Ritchie.# The pres-
sure to be maintained in making producer gas is according to
the Bates Process from 42 to 100 pounds per square inch, the
minimum is that at which perfectly pure gas free from ammonia
# Am. Mfg., May 7, 1897.
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tarry matters etc. , can be produced.
Efforts are being made by several engineers to dispense
with the cumbrous gas holder common up to now(1902) with all
producer plants. # Messrs. Crosby among others are putting
upon the market a gas producing plant which operates with non
caking bituminous coal and supplies a gas engine without re-
quiring any gasholder further producing the gas from cheai -
er fuel. Such an arrangement when firmly established will,
enable the gas engine to provide power, at less than half the
cost of steam power, produced by the very cheapest fuel.
Dowson gas at 2d. per thousand cubic feet is equivalent
to a price of 8d. per thousand cubic feSt of coal gas. If
cheap coal gas however is required
,
and could be produced and
distributed at 600 B. T. U. per cubic foot for about Is. per
1000 cubic feet then in the view of Mr , D. Clerk # , there w
would be a large demand indeed, both for power and heating.
It ought to be possible to produce cheap gas for town
purposes, capable of incandescing Welsbach mantels, supplying
gas engines, and gas cooking and heating apparatus. The Wels-
bach mantel removes the difficulty of high intrinsic illum-
inating power for lighting. A gas when burned in the old way
giving 10 or 12 candle power per cubic foot, would still give
the maximum temperature required for successful incandescent
gas lighting, and such a gas would be eminently suited for
gas engine purposes. Seeing that cheap coal would be used in
producing the gas, and if water gas were mixed with it no
enriching oils would be required. It is surely worth the con-
sideration of gas engineers to see v/hether a town supply could
# The Gas Wld. , June 14, 1902.
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be given on such a scale. In England in 1902 gas was put
^n
the holder at a little over 25 cents per thousand cubic feet.
If very much larger quantities 6f power gas were supplied,
it would probably be possible to meet wants alike of heating
lighting and power on a much larger scale than is contempla-
ted now. Coal gas supplied at anything like 25 cents per thou-
sand cubic feet of about 600 B. T. U. would cause an enormous
expansion in gas engine industry. The above is according to
Mr. Dougald Clerk, who is one of the greatest expert gas en-
gineers .
An engine using coal gas would do the duty required at
20 f less cost than would be the cost when using producer gas.
Gas should be made from the coal in a separate enclosed
producer, and carried by pipes to the place where it is requir-
ed for combustion. For firing boilers the gas needs no puri-
fication, and small bituminous coal is the fuel used, no smoke
being given off. There is of course a sooty deposit in the
gas flues, which require cleaning out from time to time.
The analyses of gases made in various producers are as
follows ;
-
With steam jet blast generally used, approximately,
CO H CH Co IT
4 2
23.4 13.8 2:25 4.7 55.85
Working the producer with an excess of steam for the
recovery of ammonia --approximately
,
CO H CH4 C0 2 II
23.4 28 2.5 15.5 43 --#
# W. A. Brewer, The Mech. Eng., April 4, 19o3.

mGas produced with an excess of steam will require cool-
ing and scrubbing to a certain extent, before being used un-
der a boiler, in order to remove the undecomposed steam. The
amount of heat in the original fuel which is used to trans-
form it into gas is about 13 to 10 per cent, but this is not
strictly a loss due only to the producer, as when the fuel is
burnt in the boiler, heat being also required to gasify the
green fuel and raise its temperature.
Anthracite producers have done excellent work at a low
cost, the consumption of fuel being under one pound of coal
per horsepower hour for gas engines. These producers are
very convenient for small powers, but the cost of anthracite
coal largely excludes their use for large pov/ers. The gas
given off is clean and uniform, and is usually generated by
means of a superheated steam blast inducing the neccessary a-
mount of air. Gas can be made at intervals of about 20 min-
utes, i.e. continuously, an attachment to the gas holder regu-
lating the supply of steam to suit the load. This gas is
suited to large extent for direct combustion in engine cylin-
ders, and by means of coke and sawdust scrubbers is rendered
quite clean enough for that purpose.
The fuel is fed to the producer, washed and in small
pieces the size of beans or nuts. The grate bars if there be
any have to be cleaned and clinkered from time to time. The
importance of a good producer and its attachments is however
most manifest when dealing with bituminous slack. One of the
cheif causes has been the amount of tar in the gas.
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The type of grate to employ for satisfactory working has
received much attention, in order to obtain complete gasifi-
cation of all the fuel, with a minimum of ash and clinker.
In the old types of producers with closed grates there v/as
difficulty of cleaning and stoppage of working for that process.
Air should "be admitted to the center of the glowing fuel
and penitrate in all directions, upwards and sideways so theee
is no green fuel in the vicinity of the grate. If the blast
is simply forced outwards to the walls of the producer clinker
is formed where the air impinges, and there is a mass of fuel
out of the direct action of the "blast. Plat grates have been
tried, but these must be freed mechanically from ash by revol-
ving, but there js a risk of good fuel falling through with
the ash.
A grate or grid which overcomes these difficulties is
made "A" shaped, and runs across the inside of the producer,
having its legs resting on the bottom of a water seal. The
whole apparatus is built over this seal, which slopes up to
the floor level at the two sides. The fuel properly rests on
a mass of ash standing in the water seal. The surface of the
ash is level with the perforated part of the grid forms , which
is slotted on the two sides at the apex. This grid forms the
air distributor and is supplied at the end with the blast, air
and steam rise through the center of the fuel and outwards tc
the sides. There is thus no portion out of the direct action
of the blast, with a result that perfect gasification occurs,
owing to the large grate area and perfect air distribution.
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As the working continues, ash is drawn from the water
seal allowing the fuel to sink, fresh coal "being fed at the
top. With the largest size of grate about one ton of coal
per hour can "be dealt with. This type of producer is most
successful when used in connection with ammonia recovery.
Figurel is a sketch of such a producer. As "before stated,
gas for firing boilers is not usually cleaned, "but for use in
engine cylinders scrubbing and cooling is essential.
As the hot gas at a temperature of about 50C degrees
Centigrade, leaves the producer it passes through a regener-
ator heating the incoming blast. The blast is further heat-
ed by passing round an anular casing around the inner shell
©f the producer. The gases are then passed through one or
tw© rotary washers, fans being usually employed, and at the
center of these the water supply enters. This water is dash-
er d about and cools the gas to about 90 degrees Centigrade,
at the same time precipitating the tar which is then drawn off.
The gas then passes upwards through a cooling tower, where it
meets a downward stream of water, which water can afterwards
be used for heating the blast. Sawdust scrubbers are also
necessary, which require cleaning out perodically, as any tar
still remaining is deposited there.
The gas is next led to the holders and to the mains. The
calorific value is about 140 B.T.TJ. A Mond plant of 1000
horse-power value will produce at full load 72 cubic feet 'of
gas of a calorific value of 146 B. T. U.
,
per pound, while at
1/3 load the production will be about 71 cubic feet of 144.5
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B. T. U. , calorific value. The efficiency of the plant is
thus 36/£ ignoring heat introduced in the form of steam, but
including this the efficiency will come out about 7 5^.
It will be noted that the gas plant is to the gas engine
what the boiler is to the steam engine, and it is even more
important to consider the former than the latter, as the gas
produced is subject to greater variation in quality than is tfee
steam pressure. In comparing different producers all results
should be brought to the same base as regards temperature and
pressure of gas produced, and the calorific value of the coal
from which the gas is made. Further it is important that the
gas be uniform in quality and suitably chemically constituted
for the work it has to perform, and that these conditions can
be maintained for several consecutive hours. When large quan-
tities of steam are carried through a generator it often is a
sign that the fire is not dense or deep enough for the quan-
tity of steam used. #
The depth of the fire depends on the size of the gener-
atoe and nature of the fuel. With bituminous coal hydro -car-
bons are given off when fresh fuel is put into generator. ( with
bituminous ) It will thus be seen that automatic feed is desir-
able for large bituminous producers.
# W.Ai Brev/er, Mech. Eng., April 4, 1903
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PURIFICATION OP PRODUCER GAS.
The most essential things to get rid of in producer
gas are sulphur and ammonia. This is done in washers and
scrubbers. 7/hen the coals are very wet the percentage of
sulphuretted hydrogen is increased. The test for impurities
in the gas are:
Por ammonia- Turmeric paper will he turned reddish "brown.
Por sulphuretted hydrogen - Acetate of lead paper will be
turned black.
Por carbonic acid - Litmus paper will be turned black. ,//
Eaphtaline in the apparatus is a source of much trouble.
It is often produced by working at too great heats in retorts
and by passing the gas at too high a temperature into the
mains
.
Lime for purification may be chalk or greystone, well
burned. It should be stored in a closed shed and be well pro-
tected. It is slaked before using and the increase in bulk
is 2:6 to 1, space should be allowed in shed for this increase.
The only difficulty in the use of lime
,
is getting rid of the
spent lime.
The gas ascends from producer to hydraulic main, which
is fixed on top of retort, and so forms a seal to prevent the
escape of the gas. A pipe from the hydraulic main conveys the
gas made to the pipe condensers , where it is gradually cool-
ed and some of the tar deposited. It is then drawn by ex-
hausters from the condenser at such speed as will cause the
# Gas Works By Frederick Coyler.

gas to flow from the hydraulic main and releove it of all pres
sure withput drawing air through the producer. 7/ater gauges
connected with pipe indicate this, and automatic apparatus reg
ulates it. The gas is driven "by exhausters through the washers
where by contact with small particles of water, finely broken
up, a part of the ammonia is absorbed, and the rest of the tar
deposited; also a few other impurities are here deposited.
The gas is then driven to the scrubbers, which are large
cylinders or towers of cast iron packed with coke or other
material in tiers, at the top of the apparatus -water is finely
distributed.
The gas is let in at the bottom and in making its way
through the packing material gets broken up into minute par-
ticles, which meeting the finely divided particles of water,
the whole of the ammonia is absorbed.
The last purifying apparatus is the dry lime or oxide
purifier, in which the sulphur and carbonic acid, as well as
the other remaining impurities are taken out. The lime or
oxide of iron is laid on open trays or grids in the purifiers
,
9 to 12 inches deep, there are three or four trays of tiers
of trays, according to size and depth of purifiers. The gas
then passes through station meters if - there are any, to re-
cord quantity made in a certain time, and then into the gas
holders where it is stored until ready to use. j1-
In both experimental and practical working, the greater
part of the ammonia together with a considerable percentage
of the carbon dioxide and sulphuretted hydrogen may be abstraC'
# rias Works, by Frederik Coyler.
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ted from the gas "by passing it through a continuous single
horizontal pipe. The central core of gas moves fastest; but
having obtained the maximum velocity falls back upon the sides
so that the ammoniacal liquor which floats o n the top, is
continuously brought into contact with these gaseous vortices,
and if the pipe or coil of pipes be made long enough is a
very considerable reduction in the cost of purification. #
The Pittsburg coal has given an average of from 18 to
22 pounds of ammonia per ton of coal, reckoning it as sul-
phate. (1)
# Comparative values of Gas Coals, D. A. Graham.
(1) Pro. Age, Oct. 15, 1898.
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SUCTION GAS.
The suction gas producer which has in the last few
been operated successfully in Europe, is closely related to
the well known Dowson Generator. This latter apparatus pro-
duces at a fairly low expense, a fuel gas excellently suited
to the requirements of the gas engine. The cheif fault found
with the Dowson apparatus is that it is too "bulky and compli-
cated for small sized plants, the gas holder and the "boiler
necessary for the prodution of the steam entering into the
generating process are the undes ireahle appendages. Prom a
technical point of view the "boiler also shows many unfavor-
able points. It requires a considerable amount of attendance
and much la'oor for repairs and cleaning. Time is lost in
starting, and it also consumes an appreciable quantity of
fuel for which no returns are obtained. This latter loss is
estimated at Qfi of the fuel consumption of the generator pro
per.
To do away with the troublesome boiler and the bulky gas
holder the suction type of producer was designed. The com-
bustible gas is produced directly and exclusively by the
suction of the motor. The other elements of the p;as plant
are also much simplified. An installation of this kind of
producer for 3 or 4 H.F. , offers practically the same econo-
my as a large Dowson gas plant, and as hard coal or coke are
used the running expenses are surprisingly low. Though some-
what different in their exterior apperance, both kinds of

producer plants consist of practically the same apparatuses,
and the generating process and the product of the same are
identical in both cases.
The operation is as follows; -Air laden with water vapors
is passed through a column of red hot coals. The carbonic
acid produced by the imperfect combustion of the coals is re-
duced to oxide of carbon. The gas or rather the mixture of
gases thus obtained passes through cooling and purifying appa-
ratus and then enters the engine.
The only marked difference in the two types of producer
lies in the manner in which the air and water are brought to
the fuel. In the Dowson plant
,
the energy of the steam issu-
ing from the boiler carries the air along into the generator
proper. In the suction gas plant the depression caused by
the suction stroke of the motor extends throuh the pipes and
various apparatus and causes the air to enter below the grate
of the generator, in order to establish atmospheric pressure
therein. The air passes through water vessels and takes up
sufficient steam for generating process.
Fig. 1 shows the typical arrangement of a small gas plant
while Fig. 2 illustrates a more complete installation of great,
capacity. Like or similar parts are marked by like characters
in both figures.
The plant consists principally of the generator I, the
steam producer or vaporizer II, the cooler and purifier III,
and the pressure equalizer IV. In figure 2
,
some additional
devices for the more perfect purification of the gas are shown
which will be treated later.

Naturally, all the apparatus may be "built in different
ways, in fact every manufacturer has designs of his own for
which he claims special advantages, hut the principle is the
same in spite of all the structural aifferences. A general
description of the parts of the plant will now he given.
The Generator.
The generator I consists of a cylindrical shell (l) of
sheet iron (for small types sometimes cast iron is ) which is
lined with fire bricks (2) supported by suitable fittings (3,
4 and 5). By the shape of the lining the interior of the
generator is divided into two distinct chambers, the fire space
6, in which combustion takes place, and the heating space (7),
which serves as a receiver for the coal. Between these two
chambers an annular space (8) is formed in which the flame
may develop and the gas collect. A grate (9) at the bottom of
the fire space (6) supports the column of fuel. The fire
space as well as the ash pit (10) are provided with doors (11
and 12) which may be closed hermettically by a lever or spin-
dle. Frequently a flat vessel is placed in the ash pit and
kept full of water, the evaporation of which cools the grate
bars. A ventilator (13) is connected to the ash pit and a
cock or valve (14) serves to shut it off.
In order to facilitate the charging of the generator a
funnel is fixed to the top plate. Many- firms used the stan-
dard pattern of their Dowson gas producers and thus often~
enough the well known curved funnel with its balanced valve at
the bottom and the lever operated cover at the mouth is seen
on the suction gas generator also. Usually, however, the de-
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vice is much simplified in accordance with the more favoror-
able conditions. In many cases a short wide "barrel is cast
onto the top plate and closed "by a hinged cap. In one instance
the funnel proper is hinged to the top plate and may "be tilt-
ed out of the way if an inspection of the generator becomes
necessary. The device recognizable in figure 2 is well adap-
ted to continuous service and the generator may be charged
without admitting air to its interior. Two or more barrels (
15) cast in one piece are arranged about a central pivot (16 )
while a plate (17) covers the barrel which registers with
the filling hole of the generator. The air valve (18) permi"
the entrance of air under the grate if it is desired to keep
the generator burning during short stops of the engine. The
products of combustion escape in this case through a f]ue (19)
provided with a valve (20).
The grate of the generator is made in many different
ways, though for small types the plain cast iron type is pre-
ferred. Large grates are composed of single grate bars of
special hard iron. Often the grate as a whole or part of it
is made movable and may be turned about in a horizontal direc-
tion or tilted in order to remove ashes and refuse.
The Vaporizer.
The vaporizer II serves to produce the steam which is
necessary for the generation of the gas. It is the substi-
tute of the steam boiler in the Dowson plant. The special
difference lies in the fact that the vaporizer requires no
fire place of its ovm, as the heat of the generator or the
gases is applied instead. Among the great number of varieties
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three distinct types are recognizable.
In the first type the water vessel is placed in the upper
part of the generator, surrounding the heating space and
drawing its heat from the latter. This is a very simple "but
not re commendable plan as the generator proper should "be care-
fully protected from heat losses.
In the second and more frequent type, v/hich is illustrat-
ed in the accompanying figures, the hot gases immediately up -
on leaving the generator enter a system of tubes (21) sur-
rounded by a shell (22) and partly immersed in water. V/hile
the gas is cooled the water is heated. The 107/ tension steam
gathers at the top of the vaporizer and is, together with
the air entering at the nozzle (23), drawn through the pipe
(24) into the ash pit (10). A valve (25) in pipe (24) serves
to regulate the passege of the steam.
The third type which is at present built only by the
firm owning the patent right has no water reservoir at all.
By the suction of the motor an adjustable amount of v/ater is
sprayed directly on the hot gas pipes, and vaporized immedi-
ately. The steam is then over heated by coming in contact
with large heating surfaces before entering the generator. As
the steam is dry it withdrws no heat from the fuel, its a-
mount is exactly adjustable and depends on the power require-
ments of the motor, consequently the composition of the gas
remains uniformly at the once regulated most favorable mark.
The dimensions of the vaporizer depend mostly upon the amount
of water required, the maximum amount of which is .25 gallons
per H. P. hour.
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The Cooler.
The cooler III, which, in conformance to the nom-
enclature of the illuminating gas industry, might also be
called the scrubber, consists of a tall, cylindrical, upright,
standing vessel constructed of sheet iron. The gas enters
through the inlet (27) at the bottom of the cylinder and ris-
ing slowly, it is impeded by a large number of wooden gates
(29) laid crosswise. Water is constantly springled on these
gates by a spraying nozzle (28) at the top of the scrubber.
The gas is frequently parted and reunited on its path upward
and comes in close contact with the many v/et and cold sur-
faces and loses much of its heat. Besides this the particle,
of dust floating in the gas are moistened, and they either
cling to the surface or are carried down by the drops of
v/ater, which gather at the bottom of the cooler. The surplus
is drained in the customary manner by a siphon (30). Frequent-
ly the scrubber is filled with pieces of coke supported by an
iron grate. This filling is cheaper than the wooden one and
is very effective on account of the large surface and poros-
ity of the coke. Cleaning operations however are more trou-
blesome in this case as the coke must be taken out and re-
placed by fresh material. An outlet (3l) for the gas is pro-
vided at the top of the cooler.
When the gas has passed the cooling and cleaning devices
it should be practically free of dust, dry and of the average
temperature of the atmosphere. If in large plants these re-
sults can not be obtained by the scrubber alone, the gas must
be conducted through still further apparatus. A good example
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of a more complete producer plant which is provided with an
additional cooler or condenser and a special purifier, is the
one illustrated in figure 2.
The Condenser.
The condenser V is a sheet -iron cylinder vertically trav-
ersed "by one wide central tube or by a great number of smaller
tubes. The gas enters at the top, the space left between the
outward shell and the air tubes, travels down slowly and
makes its exit at the bottom. In its path the gas comes in
contact with large air cooled surfaces. The moisture which
the gas has taken up in its passage through the scrubber con-
denses at the cold walls , the water collects at the bottom of
the condenser and is drained automatically in the usal manner
by the syphon(30). The heat withdrawn from the gas is im-
parted to the metal of the tubes and a natural draught is
induced which the cold air to rise and travel through the tubes.
The Purifier.
The purifier VI is an exat copy of the apparatus used in
illuminating gas works, though its functions are entirely
different. This apparatus does not exert any chemical in-
fluence upon the gas, but acts strictly as a mechanical fil-
ter. It consists principally of a large rectangular cast
iron box of single plates, bolted together. Its upper rim is
double forming a U shaped continuous vessel for the reception
of the vertical v/alls of the sheet iron cover. The rim is
filled with water which makes a gas tight joint. Within the
box several wooden grates are arranged upon which layers of
sawdust are spread. The gas works its way from the top of
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the purifier through the layers of sawdust, which retains
the smallest particles of solid matter and leaves the "box at
the "bottom in a perfectly clean condition.
The Regulator.
The regulator IV in its simplest and also least effec-
tive form is a plain vessel, the contents of which amount to
about four or five charges of the motor cylinder. Its action
is rather illusory and may, in theory at least, be explained
as follows; The depression caused by the suction of the motor
is naturally strongest near the engine and decreases gradu-
ally in proportion to the distance from the motor. The pres-
sure of the atmosphere tends to fill the partial vacuum and
consequently the gas continues to flow towards the engine even
after the inlet valve has been closed. Thus the equalizing
vessel receives a fresh supply of gas of comparatively high
pressure which is ready to enter the engine.
The regulator shown in figure 2 is a complicated device,
which is only found in high-grade plants of large capacity.
Its action is more energetic and precise than that of the
plain gas pot, and it is especially desireable if several mo-
tors must draw their fuel gas from one generator, and if the
load of the engines varies frequently. The little spring re-
tained gas holder (32), which is partly immersed in water, de-
scends under the influence of the suction, and the spring is
expanded. At the end of the suction stroke the gas holder rises
again to its upper position under the contraction of the
spring, and draws in a fresh supply of gas. The tension of

the siring
,
and consequently, the energy of the regulator,
may be adjusted to meet the varying requirements of the en-
gine. This contrivance distributes the suction on practically
all the strokes of the motor. A short pipe connects the re-
gulator with the motor. Near the inlet valve of the latter
a thin pipe, carrying a test coxk (33) is branched off.
The Suction Gas Motor.
The suction gas motor proper does not differ materially
from the Dowson gas engine; in fact, a motor may change from
one system of gas producer to the other without any diffi-
culty. On account of the resistance offered to the gas on
its passage through the producer plant, the po?;er of the mo-
tor is somewhat reduced. Compared to an illuminating gas
engine of equal size, the loss of power is about 20 fo.
The above information is from an article in the Gas Eng
ine of April 1904. By- Oswald H. Haenssgen.
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THE BILDT EEED DEVICE.
It is a well known fact that feed devices now gen-
erally used on gas producers
,
by which coal is charged through
a bell hoper, or like apparatus, do not evenly distribute the
coal over the grates. The body of the coal varies in thick-
ness in different parts of the producer, and the gas varies
accordingly. Another objection to charging by hand is the
loss of gas at every charge, which is also injurious to work-
men. The apparatus of C. W. Bildt is combined with the top
of the producer and consists of a rotating disk, provided
with one, two or more fan shaped blades for distriburing the
coal.
A producer curve is constructed as follows; Divide the
surface of the producer into any number of anular rings by
drawing concentric circles, so that the rings are of equal
area and also equal to the area of the center circle. Then
divide the same surface by radii forming equalangles into as
many parts as there are rings, and by a line connect the points
of intersection between the circles and radii. When this spi-
ral has been constructed of such dimensions that the distance
from the centerJ of the circle to the extreme point "K" on the
curve is equal to the radius "JK" of the circular charging
surface of the producer, the distributing blade or flange can
be adjusted to the charging disk. #
The distance between the discharging surface and the
disk, its blades, and also the diameter of the disk are mat-
ters v/hich are determined beforehand, and the parabolas which
# C. W. Bildt, Iron Age, April 1896.
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direct the coal in its discharge from the lower edge of the
"blade to the surface are also to he taken into consideration .
The lo7/er part of the producer is conical in construction in
order to prevent the "blast having a free play during the grad-
ual settling of the coal. A layer of coal about three feet
in thick ness
,
with a layer of 10 inches of askes "beneath has
given the best results in practice. This however depends up-
on the quality of the coal.
Of the many places at which the apparatus is in opera-
tion, that of Studesberg & Byorks Wotks
,
Trollhatten, Sweden
is perhaps the oldest, and according to reports kept at these
works the consumption ofcoal.is less than lofo less than in
the producers of the old type. Wo poking is needed as in
this apparatus no clinkers are formed.
Analysis of the gas at 7/ashburn & LToen Works, at Worces-
ter, Mass., using revolving top is as follows;
Carbonic acid 6.34 8.04 3.73
Oxygen .25--- .20 .23
Ethane .33 -- .23 -- .16
Carbonic oxide 23.39 --20.56 - 19.30
Hydrogen 14. 4o - 13.03 - 12.53
Methane ------- 3.26 - 3.01 - 2.41
Nitrogen 52.03 - 54.35 - 56.88
The first column shows an average of 12 analysis taken
at different intervals from the producer with the continuous
feed. The second column gives the average of the same number
of analysis taken from the three producers with cone and fun-
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nel immediately after charging. Column three gives the same
number 15 minutes after charging, or just previous to charg-
ing again. The same quality of coal was used by the four
producers, and consisted largely of dust of a poor quality.
The disk with its distributing "blades in severe cases
does not last over three months. This difficulty however can
be obviated by placing the producer at a greater distance
from the fire bridge, or by conducting water through the shaft
and the distributor.
The construction and installation of this gas producer
feeding device has been placed in the hands of the Morgan
Construction Co., of Worcester Mass.
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DESCRIPTION OF DIFFERENT TYPES OF PRODUCERS
.
The Mond Gas Producer.
The only producer gas which took successfully in
England up to 1901 was the Dowson gas, but this gas was made
from relatively expensive fuel, anthracite coal and coke, and
the gas was also not very rich in combustibles. The turn-
ing to account of cheaper bituminous coals for this purpose
had untill this time been unsuccessful.
In order to discover a new method of proceedure by which
cheap small coal or dust could be used, Mr. Ludwig Mond set
to work in 1379. Mond overcame the difficulties of the Dowson
method by burning the tarry vapors themselves in a furnace and
having the gasification take place at a very low temperature.
The large heat losses which occur in the Dowson process are
avoided through a fixed amount of heat exchange by an exten-
sive contrivance, and the cost is lowered by the recovery of
ammonia in the form of sulphate. The recovery of the ammonia
is however according to Humphrey not profitable unless 20
tons of coal are gasified daily.
The sketch shown in figure 1, shows the entire plan for
the generation of Mond gas with apparatus for the recovery of
ammonia. Figure 2, shows the gas generator A on an enlarged
scale. The latter is a fire brick lined furnace with a bas-
ket like grate (a) which extends under the surface of the
water seal (b), And is kept filled with fuel a little over
the bottom rim of the bell shaped hopper (c). The fuel is
first unloaded into the hopper (d) in lage quantities, it re-
quiring 400 to 500 kg for one charge, from 20 to 24 tons of
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The gas in the washer is then thoroughly "brought in con-
tact with small paricles of water. The temperature of the
gas is thus lowered about 90 degrees further. This mixture
of gas and vapor now passes to the acid tower (D(; which is
lead covered, and brick lined, a solution of sulphuric acid
and ammonia "being allowed to trickle down the "bricks, the gas
entering from the "bottom, the solution from the top. In this
apparatus the ammonia is taken from the gas "by the solution
which is thus greatly enriched. This enriched solution when
arriving at the "bottom is pumped to the top again, after a
sufficient quantity has "been removed and more sulphuric acid
added so as to always keep the entering solution of about the
same strength.
The sulphate of ammonia then passes to the holder (E),
where it is first neutralised and then removed in the form of
crystals. It is mostly used as a manure. A little tar is
also always contained in it which gives the crystals a grey-
ish color.
Prom the acid tower the gas passes to the second tower,
which is likewise a brick lined condenser (3? ) , here the gas
meets a down coming stream of water which removes the remain-
der of the Far and cools the gas. After this the gas passes
through a sawdust filter and then to the gas holders and mains.
This filter is cleaned about once a month. The water from
this condenser collects in the bottom, and from here is pump-
ed to the top of a third tower, called the air tower. Here the
air used for the blast is forced up through this warm water
which trickles down the bricks
,
thus imparting its heat and
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fine coal being gasified every 24 hours.
The ash falls without the help of a mechanical contri-
vance into the water seal below, form where it can he easily
removed, the process thus being carried on continuously.
Air and steam are forced through the annular space (e), up
through the grate, the incoming blast being heated by its
passage through the space (e). On this account the burn-
ing fuel is not so liable to clinker, because the temperature
of the producer is lowered somewhat. The forced blast of air
and steam does not disturb the bed of fuel but helps to keep
it nice and even. The fresh fresh fuel is held in the bell
shaped hopper (c), as stated before, where some of the light-
er hydro carbons are distilled off before the fuel sinks into
the furnace below; while the heavier hydro carbons are distill-
ed off in the hot zone.
The tar burns and the gas escapes t hrough (f ) almost
free from tar, but containing large quantities of steam. The
gas next passes through the inner pipes of the counter cur-
rent cooling apparatus (B), through the outer pipe of which
air and steam are blasted, to which the heat of the outcoming
gases are imparted, thus the gas enters the washer (C) at a
considerably reduced temperature. Uaturally some of the tar
is also deposited here in the pipes of the cooling apparatus,
it is however very little. It never becomes necessary to burn
out these pipes, for dry dust is the only thing which collects
in them, and this can easily be removed by taking off bottom
cover plate.
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saturating the incoming air with water vapor. The cold water
then collects in bottom and is pumped back to the condenser,
the air blast as before stated then passes through the reheat-
ing apparatus (B).
To start a producer working and get it thoroughly heat-
ed up requires about three days. It is started with kindling
wood, small coal being added from time to time untill in
working order. The blast is of course not very strong at first.
A producer started in this way willrun a year without being
interrupted.
In a test made by Humphrey in 1^95 at Vinnington England,
the following results were obtained}
For one ton of coal 1000 kg of air were blown into the tower
and warmed to 70 degrees C. To this mixture was added 1500
kg of steam, so that 5500 Kg at 85 degrees entered the coun-
ter current cooler, and left the cooler at a temperature of
250 degrees. In the generator the volume increasde by 6500 Kp;
i.e. by 4500 Kg gas and 2000 Kg steam; and the temperature
rises to 450 degrees. Then when passing to the cooler the
temperature drops to 280 degrees, in the washer to 90 degrees
while here 750 more Kg of steam are added, so that out of
7200 Kg mixture, 4500 Kg are gasand 2750 Kg are steam, in the
water tower.
The coal used in the above experiments contained the
following;
Carbon 67.9 per cent.
Nitrogen 1.3 it
Sulphur 1.3 it
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Hydrogen 14.7 per cent.
Water --- 7.3 "
Ash 7.5 "
The dry gas contained the following;
]:arsh gas 2.5 per cent.
Hydrogen --26.4 11
Carbonic Oxide 16.3 "
Uitrogen 44.6
At Winnington 44Kg of sulphate of ammonia is recovered
from each ton of coal.
The advantages claimed for Mond gas are many and strik-
ing, and below they are set forth as submitted by the Power
Gas Corperation.
(1) The gas is produced from the cheapest quality of coal-
slack or dross- thus obviating all necessity for expensive
steam coal for the generation of power in the works.
(2) The amount of labor required for its production is extreme-
ly small.
(3) Its heating value is equal to from 31 to 86 % of the total
heat energy contained in fuel used for its production.
(4) Its cost when produced on a large scale is less than l/2d
per 1000 cubic feet.
(5) One ton of rough slack produces about 150,000 cu. Ft. of
power gas of a calorific value of 140 B.T.U. per cu. ft.
(6) The quantity of gas required to produce an indicated horse-
power hour in a large gas engine is about 60 cu. ft.
(7) When gasified and used in a large gas engine, 1 ton of
slack gasified is sufficient to produce about 2500 indicated

horse- power hours, or 2500 horsep ower for one hour.
(3) By using the gas in gas engines, a given quantity of fuel
will produce about four times the power obtained from ordinary
steam engines.
(9) Gas <*ng .nes producing upwards of 30,000 horse-power were
running with Mond gas in January 1902, or were being installed
(10) The fuel cost of an indicated horse-power hour, obtain-
from a gas engine running with Mond gas generated from slack
at 6s per ton was 1/40 d.
(11) It is the best for gas engines because they require a
clean gas of regular quality. It is interesting to note that
a gas engine has been kept running day and night, for six
months without stopping.
(12) In every steam plant working with a variable or inter-
mittent load a considerable portion of the fuel is consumed
is wasted. Some loss under this head is unavoidable; but the
employment of power gas reduces such stand by losses to a min-
imum. It is therefore very advantages for intermittent work-
ing. The stand by losses of a 1000 horse -power plant are 2
cwt. of fuel per night of 14 hours. When standing for eight
days the losses of a 1000 horse -power gas plant are at the
rate of only about 7 l/2 pounds per hour, and the plant can
be restarted in a very few minutes.
(13) After the week en(j_ stoppage, the time required for start-
ing is only about three minutes for a plant generating 1000
horse -power.
(14) Its employment abolishes the smoke nuisance.

(15) It is delivered cool and clean from the apparatus, and
can "be carried considerable distance and delivered at any
number of places.
(16) The gas is regular in composition and the supply from the
producers can be regulated in accordance with the variable
requirments of the engines, stoves and furnaces thus preven-
ting waste.
(17) By the recovery of sulphate of ammonia, a large propor-
tion of the initial cost of the fuel is saved. The quantity
of it obtained amounts to about 90 pounds per ton of fuel
gas if ied.
(18( Owing to its cleanliness and regular composition, the gas
is invaluable in all heating operations in which the flame
comes in direct contact with the material to be heated.
(19) The use of gas in a furnace insures the maintenance of a
perfectly even temperature.
(20) It is an ideal gas for met ilurgical purposes; an oxidi -
zing or reducing flame being obtainable at will and contain-
ing a higher per cent of hydrogen and a smaller per cent of
carbon monoxide than any other producer gas , it is therefore
also less poisonous.
(21) Ey employing regeneration extremely high temperatures are
easily obtainable.
Most of the above information was obtained from an article
by Von R. Schottler in Zeit. des V. ID. Ingenieure , ITov. 9, '01.
and an article entitled The Mond Power Gas Process in the
Journal of Gas Lighting of April 14, 1903.

52

§"k( . 2. Gaserzeuger.
f

54
The Wood Producer.
The producer built "by R. D. Wood & Co. of Phila-
delphia, may he taken as a tipical American producer. The
producer was originally "built by the Taylor Gas Producer Co.
,
Mr. Taylor being the inventor. R. L. Wood & Co. greatly im-
proved the producer by adding the revolving bottom and the
Bilat feed device which has already been described.
The producer is regularly made in seven si~es, the design
being altered to suit varying conditions incident to loca-
tion, kind of coal to be gasified and other requirements.
The type illustrated in design A, on a following rage, with
a revolving bottom and shell lined with fire brick, is that
usually adopted for anthracite and a good quality of bitumin -
ous coal. Por bituminous coal liable to clinker, the design
is in some cases modified, by a water jacket, which should
be selected only when those conditions exist. In some rare
instances, for very poor coal, the revolving gear has been
eliminated, retaining the solid bottom only; but experience
shows that even for such coal it can generally be used, during
most of the days run, to advantage i hence its retention is
recomended though it may often be necessary to work down the
ash in the usual way. The half v/ater-j acketed producer has
been successfully adopted in gasifying low grade coals in
Montana, and alsc in Illinois. The latter in addition to
twenty to forty per cent of ash, carries a large quantity of
pyrites, so that the clinkers are large and extremely hard,
testing the capacity of the producers most severley.

In numerous instances this producer has replaced the
older type of grate -bar producer's, the change resulting in a
decided improvement in the quality and unifomity of the gas,
and farmore perfect gasification, the loss of coal "being prac-
tically nil. With producers of the half -j acketed type as
used on inferior coals the water seal may sometimes "be adop-
ted to advantage. With the standard producer however, the
water seal is not necessary, nor is it recomended, in that
it requires more space and is far from cleanly.
There are, however, special cases where a water-sealed
"bottom may be desireable, and to meet which the WOOD people
have designed the water-seal type shown in figure 2, the spe-
cial feature being the double bosh. The air entering the
blast pipe which protudes through the bosh plate
,
passes to
the vertical central air conduit and circulates also about the
inner boshes. These are perforated, permitting the passage
of the air into the ash bed, taking up its heat and insuring
checking the escape of combustible natters in the ash. Any
accidental obstrution in the blast pipe is readily accessible
by removal of the blank flange at extremity of the blast pipe.
Poker holes are suitably placed about the bosh for the inser-
tion of a bar if desired. Such producers equiped with the
Bildt automatic feed are giving most excelent service, some
of them operating with the lignite coals of Western districts.
The producers are usually placed upon an ordinary foun-
dation at ground level, but in large batteries are frequent-
ly elevated and provided with inverted cone bottoms, as il-
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lustrated in figure 3, to receive the ash, which may then be
discharged into conveyors or cars underneath them. Convey-
ors are also used in large installations for carrying the
coal into "bins placed above the producers , from which it may
be drawn through chutes as required for charging. Such a
plant was recently installed by the above eople where all
coal and ash are cheifly handled by automatic feeds and con-
veyors
,
reducing lsbor to a minimum.
Advantages Claimedj
(1- There is no great waste of coal through, and there is
practically no waste in cleaning. The deep ash bed permits
permits the coal to burn up clean, and in practice the carbon
is frequently gasified so that less than one -half of one per
cent remains of the original carbon in the coal.
(2) Any clinkers that will pass through a six inch hole will
be discharged from the producer in regular grinding without
any manipulation or waste o f fuel, and this distance may be
increased if desired.
(3) Cleaning is done without stopping the producer for a mo-
ment, and the quality of the gas is only injured for a short
time; hence the producer is practically continuous, and at
the same time it is just as perfect an apparatus when used
intermitently
.
(4) By the use of the test or sight holes in the walls the
attendant always knows when to grind down his ashes and when
to stop.
(5) In grinding down the ash the settling of the fuel is

active next to the ?/alls , or it may be said the settling is
more from the walls to the center, while the reverse is the
case in all other producers. This is a feature that all ex-
perienced in producer prctice will appreciate.
(6) It is the most durable producer ever built. There is
nothing to burn out, for the top of the iron work is six in-
ches below the fire, and the lower part of the producer is
nearly cold. There is nothing to wear out, for all the parts
are heavy castings , and in ordinary working the table revol-
ves only three or four times a day. It will thus be seen that
we have here all the conditions of a perfect gas producer for
making gas from either anthracite or bituminous coal, even
of inferior quality.
(7) When provided with the continuous feed it will operate
upon qualities and sizes of coal which may be gasified other-
wise if at all, only with greatest difficulty, while in stead-
iness of gas production of uniform quality it can not be ex-
celled .
The above information was obtained from the R. D. Wood
& Co. catalog. I think this is the best producer on the Amer-
ican market, having looked them all over carefully , according
to catalogs.



WATER-SEALED PRODUCER WITH BILDT FEED.
(Shem Patent.)
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EXPERIMENTS OK DIFFERENT TYPES OE PRODUCERS.
Trial of R. D. Wood & Co's. Producers at the Erie
Railroad Plant at Jersey City.
The 400 horse -pov/er plant for the Erie R. R.
,
at
Jersey City, designed "by R. D. Wood & Co. , had been in opera-
tion 6 months up to Sept. 29, 1S99. This plant shows that
where the right kind of fuel is available, power from produ-
cer gas used directly in gas engines costs about one half as
much as the same amount of power produced by a good steam
engine and boiler, and at about the same first cost.
At Jersey City the plant has been found entirely relia-
ble for such work as furnishing power for electric lighting
and shop tools.. Messrs. R. D. Wood & Co., guaranteed that
the plant should run successfully on anthracite, buckwheat
coal, but it has been found that very good results are obtain-
ed froma smaller size (rice) at a lower cost. The manufact-
urers guarantee was to deliver gas on an average of not less
than 10,000 B. T. U. for every pound of buckwheat coal burn-
ed, 7/hich would correspond to an efficiency of production of
fully 80j&. This would correspond to producing SO cubic feet
of gas having 125 heat units per cubic foot from every pound
of coal.#
However after the contract was made a modification in
the design was decided on by the engineers of R. D. Wood & Co.
with a view of increasing the heat energy of the gas and re-
ducing its volume. The result of this effort was entirely
successful, the gas analyzed an average of 141 heat units per
# R. R. Gaz., Sept., 29, 1399.
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cubic foot, and this from the fine rice coal, which is almost
refuse. The volume of the gas was also reduced, and gave a
net result in heat units considerably in excess of the guar-
antee.
The Otto gas engines which are run "by the gas from this
plant gave an indicated horse-power of from 11000 to 12000 heat
units per hour, corresponding to a thermal efficiency in the
engine of 22/£, and a consumption of about 35 cubic feet of the
producer gas per horse -power hour, which is equivalent to a-
bout 1.1 pounds of coal.
The 27 foot Taylor revolving bottom producers are sur-
mounted by the Bildt patent automatic feeders. By this com--
bination the gas is produced continuously and uniformly at
any pressure desired, and the labor is reduced to a nominal
amount, less than would be required in firing steam boilers
of the same capacity. Prom the producers the gas passes
through the economizers, which stand vertically, and are de-
signed to cool the gas and impart its heat to the incoming
blast of air and steam to the producer. It will be noted that
while the gas enters the top of the economizer and passes out
through a wash box at its base, the air is drawn by means of
a Korting steam blower upwards from the bottom of the econo-
mizer, and out near its summit, where the hot gas enters.

Experiments on Mond Gas Producer.
The first experiments in the use of Mond gas for
motive power were carried out early in 1394, on a 24 horse-
power Otto-Crosby engine erected at Winington, England.# T#e
results of two hours trial carried out by H. A. Humphrey show
the quantity of cheap bituminous slak at the producers per
indicated horse-power hour was 1.03 pounds, and the thermal
efficiency was 23.8^>. The engine was not driven at full pow-
er, and only gave a mechanical efficiency of 71.4 f . In an-
alyzing the exhaust gases 0.6 f> of carbonic monoxide and 1.7
fo of hydrogen were found.
The results of the trial showed that for every ton of
fuel fed into the producers , about 2 1/2 tons of steam and 3
tons of air are blown through the grate, the mixture being at
a temperature of 250 degrees Centigrade. Of this steam one
ton is furnihed by the system of regeneration, and one and
one half tons are added as exhaust steam from the various en-
gines and pumps.
More than one half ton of steam is decomposed in passing
through the hot fuel, and nearly 4 l/2 tons of gas are formed
from one ton of coal equal to about 160,000 cubic feet at or-
dinary atmospheric temperature. The gas has a calorific val-
ue of 81 f calculated on the calorific value of one ton of
fuel, and in a Babcock and Wilcox boiler gives an evaporation
of somewhat more than 7 tons of water. 7/hen used in a gas
engine it is sufficient to give 2,166 indicated horse-power
hours, being at the rate of 1.03 pounds of slack per indica-
# The Col. Guard., Fov. 22, 1397.
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ted horse -power as stated "before.
The volume of dry gas and water vapor in 100 volumes of
saturated gas at various temperatures is as follov/s;
Temp. C. Dry Gas Water Vapor
99.40 0.60
5 99.15 0.85
10 98.30 1.20
15 93.34 1. 66
20 97.71 2.29
25 96.90 3.10
30 95.35 4.15 '
35 94.44 5.51
40 92.97 7. S3
45 90. 60 9.40
50 - 87.90 12.10
55 34. 56 15.44
6 30.45 19.55
65 75.45 24.55
70 69.40 30.60
75 62.12 37.88
80 53.44 46.56
85 ____ 43.12 56.88
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COHCLUSIOH.
It may "be well in conclusion, to say a few words in
connection with the selection of a gas j roducer, and also
"briefly discuss the gas power station.
Having decided on the type of producer or the system of
gas manufacture, some of the most important questions to "be
considered are; First to obtain a satisfactory gas from this
system, then the manner of conducting the gas to the point of
consumption, and the methods and facilities for cleaning in-
volving the character and construction of flues, cleaning dO'~> s
man-holes, "burn-outs, and valves. All of these questions are
important, and in the final adoption of small details, the
selection of those qualities "best suited to permanency and
local conditions mean3 economy and increased efficiency in
future operation.
A gas power station with producers always shows a better
dut3>- for the fuel consumed than a steam power plant. Weight
for weight of coal per horse -power or per unit of electricity
generated the producer gas engine beats the steam engine holl-
aw. It also occupies less room and shows a saving of skilled
attendance. The cost of the building is also less and no
high chimney is needed. Fuel gas affords the practical so-
lution of the smoke nuisance.
Fuel gas should also be delivered at every house -hold
of our metropolitan cities at a price competing favorably
with coal. The production of fuel gas with the gain of am-
monia has been demonstrated to be a practical process which
allows the prospect of about 25 i returns on the investment.
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The consumption of gas in modern gas engines is now
under 16 1/2 cubic feet per indicated horse-power, with a
thermal efficiency of about 23.5 °/-> and a mechanical efficien-
cy of 36 fo and the consumption of .3 pound of anthracite
coal-.
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